ABSTRACT. Nephrotic syndrome (NS) is one of the most common kidney diseases seen in children. It is a disorder characterized by severe proteinuria, hypoproteinemia, hyperlipidemia, and generalized edema resulting from alterations of permeability at the glomerular capillary wall. Endothelin-1 (ET1) has a central role in the pathogenesis of proteinuria and glomerulosclerosis and has a role in assessment of the clinical course of NS in children. This study aims to investigate the relationship between ET1 serum level and the response to steroid therapy in children with primary NS. Serum ET1 levels were evaluated in 55 children with NS. They were classified into two groups: 30 patients with steroid-sensitive NS (SSNS) and 25 patients with steroid-resistant NS (SRNS). The SSNS group was further divided into infrequent-relapsing NS (IFRNS) and steroid-dependent NS (SDNS), while the SRNS group was subdivided into two groups according to renal pathology. ET1 levels were significantly higher in the SRNS group (52.5 ± 45.8 pg/dL) compared to the SSNS group (18.3 ± 17 pg/dL) (P <0.001). Furthermore, ET1 levels were significantly higher in SDNS (54.3 ± 18.6) compared to IFRNS (11.9 ± 7.8, P = 0.001). There was no statistically significant difference in ET1 levels between minimal change disease group and focal segmental glomerulosclerosis group, (P = 0.28). Serum ET1 can be considered as a predictor for response to steroid therapy.
Introduction
Nephrotic syndrome (NS) is the most common primary kidney disease in children and characterized clinically by heavy proteinuria, hypoalbuminemia, edema, and hyperlipidemia.
Most of the patients with NS show a good response to steroid therapy and have a good prognosis. Unfortunately, approximately 10% of children and 40% of adults have steroidresistant NS (SRNS) and a poor prognosis. 2 Minimal change NS (MCNS) and focal segmental glomerulosclerosis (FSGS) are the most common causes of idiopathic NS in children. 3 The majority of children with minimal change disease (MCD) who present with NS respond to corticosteroid therapy, but a few have steroid-dependent NS (SDNS) or steroid-resistant NS (SRNS), while the majo-
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rity of patients with FSGS are steroid resistant with a high possibility to progress to end-stage renal disease. 4 Alterations in the glomerular basement membrane and related cells (for example, podocytes) are supposed to be the cause of development of proteinuria in patients with NS. 5 Podocyte dysfunction has a key role in the development of proteinuria and glomerulosclerosis. 6 In glomeruli, endothelin-1 (ET1) was found in the endothelium of capillary loops, and even though other glomerular cells were also shown to produce ET1, endothelial cells emerged as the principal site of ET1 secretion in normal human glomeruli. ET1 is a potent vasoconstrictor that modulates vasomotor tone. 7 Endothelins reduce renal blood flow and glomerular filtration rate (GFR) because of the induced vasoconstriction of both afferent and efferent renal arterioles. 8 Podocytes contain endothelin binding sites and express a fully functional endothelin system, including endothelin receptors, preproendothelin-1, and endothelin-converting enzyme-1. 9 The actin cytoskeleton is crucial for podocyte function and structural integrity. 10 Endothelin production promotes podocyte actin cytoskeleton disruption and increases permeability to albumin.
11 Several endothelindependent mechanisms contribute to proteinuria and glomerular injury, many of which involve activation of fibrogenic pathways in mesangial cells. 12 For example, endothelin stimulates collagen production 13 and glomerular fibronectin synthesis.
14 In addition, endothelin activates the formation of reactive oxygen species (ROS) and induces inflammation.
15

Subjects and Methods
This study was conducted between February 2015 and January 2017 and included 55 patients with childhood-onset NS. Thirty of them (13 males and 17 females) had steroidsensitive NS (SSNS) and 25 were with steroidresistant NS (SRNS) (11 males and 14 females). Twenty age-and sex-matched healthy children (9 males and 11 females) were included as a control group. All patients with SRNS underwent renal biopsy (9 with MCD, 12 -FSGS, and 4 -mesangial proliferative glomerulonephritis). At the time of blood sampling, all patients were in remission stage to eliminate the effect of disease activity. Patients with SRNS were on immunosuppressive therapy (20 on cyclosporine and five on mycophenolate mofetil).The SSNS group was divided into two groups: Group 1 (20 patients) had infrequent-relapsing NS (IFRNS) and Group 2 (10 patients) had SDNS. The SRNS group was further divided to two groups according to renal pathology: Group 1 (9 patients with MCD) and Group 2 (12 patients with FSGS) to assess the relation between renal pathology and serum ET1 level. Patients younger than one year or older than 18 years at time of presentation of first attack, patients with secondary NS, or those with reduced GFR were excluded from the study. For all children included in the study, a written consent was obtained from parents. Full history was taken laying stress on, age of onset of the disease, medical treatment, and number of relapses. Complete clinical examination was done including body weight, height, body mass index (BMI), blood pressure, and edema. Laboratory investigations including serum urea, creatinine, Na, K, albumin, cholesterol, urinary protein/creatinine ratio, and serum ET1 level were done for all children.
Sample collection
Venous blood sample of 4 mL was withdrawn from each child and allowed to clot for 2 h at room temperature before centrifugation for 15 min at 1000 centrifugal force (×g). Serum was separated, and samples were divided: one part sent for chemical analysis and the 2 nd part was stored at −80°C till the end of the study for measurement of serum ET-1 levels by quantitative sandwich enzyme immunoassay technique using Endothelin-1 (ET-1) ELISA Kit, Thermo Fisher Scientific, USA.
Statistical Analysis
Statistical analysis was done using Statistical Package for the Social Sciences version 22.0 (IBM Corp., Armonk, NY, USA). Data were described in the form of mean ± standard deviation for quantitative data and frequency and proportions for qualitative data. P <0.05 was considered statistically significant. Differences were analyzed between the groups by Student's t-test as regards normally distributed data; otherwise, Mann-Whitney U-test was used. Correlations were analyzed by Spearman's correlation coefficient test. The receiver operating characteristic (ROC) curve analysis was performed to identify the optimal cutoff value for ET-1 level distinguishing between the cases with SSNS and SRNS.
Results
Patient data showed that there were no statistically significant differences in age, gender, and height between the three groups; however, weight and BMI were significantly higher in the SSNS and SRNS groups than controls. Although there was no significant difference between the three groups as regarding systolic and diastolic blood pressures, six patients in the SRNS group (24%) needed antihypertensive therapy. There was no significant difference between the three groups as regarding blood urea, creatinine, Na, and K serum levels. Serum cholesterol and urinary protein/creatinine levels were significantly higher in both the patient groups than controls (P <0.001 and <0.001) and were higher in the SRNS group than the SSNS group (P = 0.005 and <0.001). Furthermore, serum albumin levels were significantly lower in the SRNS group as compared to both the SSNS and control groups. Serum ET-1 levels were significantly higher in both the SSNS and SRNS groups as compared to controls, and it was significantly higher in the SRNS group than the SSNS group (Table 1) . When comparing patients with MCNS and patients with FSGS as regarding serum ET1 levels, it was statistically insignificant (Table  2) . Meanwhile, it was significantly higher in the SDNS group as compared to the IFRNS group (Table 3) . Serum ET1 had a significant positive correlation coefficient for urinary protein/urinary creatinine (UP/UC) and cholesterol. On the other hand, it had a significant negative correlation coefficient for serum albumin levels (Table 4) . ROC curves were used to define the possible value of serum ET1 level above which a poor response to steroid therapy could be expected. The area under the ROC curve of serum ET1 levels was 0.88 (95% confidence interval, 0.75-0.95). The analysis rendered an optimal cutoff value of 24.6 pg/mL corresponding to 90.5% sensitivity and 84% specificity (Figure 1 ).
Discussion
NS is the most common kidney disease in childhood. In the current study, we examined the effect of serum ET1 levels on the response to corticosteroid treatment in children with NS. Our results showed that higher ET1 levels are associated with poor response to steroid therapy. In general, serum ET1 levels were higher in patients with NS than in controls as reported in other studies. 5, 16 We also found that serum ET1 levels were significantly higher in patients with SRNS than in patients with SSNS. On the other hand, patients with SSNS who were frequent relapsing or SDNS showed significantly higher ET1 levels than those who were nonfrequent relapsing. These findings strongly support the association between serum ET1 levels and poor response to steroid therapy. In addition, we found no differences in ET1 levels between patients with MCD and FSGS, indicating that this poor response is mainly related to ET1 levels and not to the underlying pathology. However, a study done by Chen et al 17 had reported that FSGS is associated with higher ET1 levels but in comparison with normal controls not with patients suffering from MCD. In this study, results showed that, using a cutoff value of 24.6 pg/mL, serum ET1 level can be used to predict the response to steroid therapy with an AUC of 0.88 and an optimized sensitivity of 90.5% and specificity of 84%. In our study, the significant positive correlations between ET1 and proteinuria support the hypothesis that upregulation of the renal ET system exacerbates proteinuria. Through its hemodynamic effects, ET-1 increases the glomerular capillary pressure and increases the glomerular permeability resulting in excessive protein filtration. 18 The development of proteinuria is also contributed to the damage of renal podocyte, a highly specialized glomerular epithelial cell that maintains an intact filtration barrier under normal conditions. 19 In addition, endothelin activates other pathways that are involved the pathophysiology of renal diseases, such as the formation of ROS and inflammation that has a fundamental role in the development of glomerulosclerosis and can be inhibited by ETA receptor antagonists. 9 The observation that all patients with SRNS were on immunosuppressive therapy mostly cyclosporine confirms the findings reported by Kim et al that cyclosporine has no effect on ET1 levels in patients with SDNS. 20 All these findings support the emerging role of ET1 as an indicator of steroid therapy response in primary childhood-onset nephrotic syndrome.
In conclusion, our study demonstrated that serum ET1 levels were significantly higher in patients with SRNS than in patients with SSNS or in healthy controls. A cutoff value of 12.6 pg/mL corresponding to 90.5% sensitivity and 84 % specificity with AUC = 0.88 signifies that serum ET1 can be considered as a reliable indicator for the response to steroid therapy in childhood-onset primary nephrotic syndrome.
